Water repellency in soils is controlled by many different factors, basic physical and chemical properties might be considered the crucial ones. For the purpose of this study, 12 sites were selected and sampled (0-20 cm depth) in the White Carpathians. Repellency tests were conducted under laboratory conditions in triplicate using water drop penetration time (WDPT) test and the molarity of ethanol droplet (MED) test. Results of WDPT measurements showed that three samples were marked by slight to extreme water repellency. Regarding the relationship between WDPT/MED and tested soil properties, the highest value of correlation coefficient was calculated for soil organic carbon (r = 0.706; p < 0.05), suggesting there is a positive, statistically significant correlation between repellency severity and total carbon content. A negative relationship between repellency and soil reaction/silt/silt + clay contents of studied soils was found. Samples taken from the surface horizon of arable soils showed no repellency.
IntroductIon
Wettability of soils is a property that has been investigated frequently because of its influence on water movement, particularly on infiltration (Bachmann et al. 2003) . Since soil is a porous medium, it is considered to have a high affinity for water. Water applied on soil surface is usually absorbed rapidly by soil due to adhesive forces between the water molecules and soil particles. However, not every soil shows this considerable attraction for water. There are soils showing various degrees of water repellency, which are difficult to wet (Das and Das 1972) . A soil is commonly classified as being water repellent if a drop of water placed on the soil does not spontaneously enter the soil. By this convention, a water repellent soil is one that has a water-solid contact angle equal to or greater than 90°. Soils classified as being wettable by this approach may have differing contact angels between 0 and 90°, which can affect soilwater relationships such as infiltration rates (Letey et al. 2000) . Soil water repellency is a property of soils that can occur under natural conditions (Mataix-Solera et al. 2007) , in different climate regimes, range of soil types and vegetation covers . It has been reported from forest soils in Spain (Rodríguez-Alleres et al. 2012) , Portugal (Doerr and Thomas 2000) , Denmark (Wahl 2008) , United States (Meeuwig 1971; Campbell et al. 1977 ; Lewis et al. 2006) , Canada (Henderson and Golding 1983) , Brazil (Johnson et al. 2005) , Australia (Doerr et al. 2004) , Japan (Kobayashi and Shimizu 2007) and elsewhere in the world. It is not a static soil property but is known to follow short-term or seasonal variations (Lichner et al. 2002) . Factors such as surface chemistry, surface roughness and porosity may all influence perceived repellency, which also varies with soil wetness and temperature and possibly also atmospheric humidity (Hammond and Yuan 1969; King 1981) . Water repellency is linked to soil properties such as acidity, texture and organic matter content and discontinuities of each contribute to a heterogeneous spatial distribution of soil erosion and hydrological response (Zavala et al. 2015) . Therefore, the purpose of the work described here is to characterise the effect of some essential soil properties on water repellency of White Carpathians´ rankers.
Although soil water repellency is widely thought to be influenced by soil pH, there are only few studies that have systematically investigated the relationship between these variables. Diehl et al. (2010) present four mechanisms proposed for the pH-water repellency relationship: (I) in pH range between 4 and 7, which corresponds to pH of ranker soils, the changes in the surface charge of organic material caused by the protonation of carboxylic groups led to increased sessile drop-contact angles on a polymer surface with covalently attached carboxylic acid groups, (II) while organic matter structure remain compact in uncharged state, charged amphiphilic molecules' change in conformation loosen organic matter structural stability due to repulsion forces between their hydrophilic functional groups; this would involve a change in the degree of outward-exposed hydrophobic domains of macromolecules and formation of humic micelle-like structures on mineral surfaces, (III) leaching of fulvic acids, which preferentially at low pH leads to a low fulvic to humic acid ratio and a higher hydrophobic potential of these materials, and (IV) changes in bacterial and fungal communities. These conclusions are in good agreement with our results, which suggest negative correlation between pH values and soil water repellency. Unfortunately, this correlation was not statistically significant, most likely due to limited acidic soil pH range and studied number of collected soil samples.
MAterIAl And Methods

Site description and soil sampling
The concerned area is situated on the Slovak-Moravian borderland. The major part of the territory lies in a mid-temperate zone with short, moderately dry summers and mild winters. The forests are predominated by beech, oak, hornbeam and some conifers, such as Pinus sylvestris, P. nigra, Larix decidua, Picea excels. Grasslands are semi-dry and species-rich. Rankers account for less than 1% of the total area of the White Carpathians (435 km 2 ) (Kuča et al. 1992) . These are the soils with the low base saturation in the umbric A horizon, developing on the highly skeletic weathering material derived from consolidated silicate rocks. They dominate on the silica-cemented flysch sandstones. Increased occurrence of rankers that show evidence of cambic horizon formation and/or evidence of agricultural operations on acid rocks at lower altitudes has been observed in the south and middle part of the White Carpathians. (Javorinska and Lopenicka highlands).
For the purpose of this study, 12 samples were collected from the A horizon, in most places only weakly expressed. The sampling process was carried out in autumn 2012 following a warm-dry summer period since water repellency has been frequently observed in soils during prolonged droughts that may occur in the summer when soil water content tends to decrease and soil is more prone to repellency development (Dekker et al. 2001; Šimkovic et al. 2009 ). Forasmuch as rankers represent a rather rare soil type in this territory, a standard grid pattern for the sampling could not be employed. The position of each soil pit was located using GPS coordinates, which were then imported into a map of the area (Figure 1 ). The soils were classified according to Morphogenetic soil classification system of Slovakia (SPS 2000).
Analyses of chemical and physical soil properties
Samples were air-dried at room temperature and passed through a 2-mm sieve before analyses (Table 1) . Soil organic carbon (SOC) content was determined using the rapid dichromate oxidation method (Walkley and Black 1934) . The pipette method, based on the 'Stokes' sedimentation rates, was used to measure the percentage of sand (2-0.05), silt (0.05-0.002) and clay (<0.002 mm) fractions in each soil sample. The soil textural class was determined using the USDA-FAO texture triangle (FAO 2006) . Soil pH was measured potentiometrically in deionised water and in 1 M KCl with a soil:solution ratio of 1:2.5; the CaCO 3 content was calculated from the weight of CO 2 lost after treating a sample with excess hydrochloric acid.
Soil water repellency
The persistence of water repellency was determined using the widely used water drop penetration time (WDPT) test, which involved placing three drops of distilled water from a medicinal dropper onto the soil surface and recording the time required for complete droplet infiltration. For each sample, an average of three WDPT values was used. The volume of water in a droplet was 58 ± 5 µl. A standard droplet release height of approximately 10 mm above the soil surface was used to minimise the cratering effect on the soil surface (Wylie et al. 2001 ). There were 5 repellency classes categorised according to WDPT (s): <5 -wettable, 5-60 slightly water repellent, 60-600 strongly water repellent, 600-3600 severely water repellent, >3600 extremely water repellent soil (Bisdom et al. 1993) . The severity of water repellency was assessed by the molarity of ethanol droplet (MED) test, which quantifies repellency as the lowest ethanol concentration permitting droplet penetration within 3 s (Doerr 1998) , or alternatively, the 90° liquid surface tension of the infiltrating droplet (γND). Standardised solutions of ethanol in water were used, ranging from 0.172 to 3.396 mol l −1
. Drops were applied in order of increasing concentration until penetration occurred. Since sampling was conducted for eight weeks, a certain amount of variation in soil moisture content might have been expected. To ensure comparable conditions, WDPT test was performed on air-dried samples. The MED test was also performed on air-dried samples only in order to avoid dilution effect of the ethanol solution in the droplets caused by the water contained in field moist samples (Šimkovic et al. 2009 ). Both tests were performed under laboratory conditions.
Statistical assessment
Before regression analysis, the descriptive statistics (mean, median, standard deviation, mean deviation, coefficient of variation, range, minimum and maximum) were calculated for all variables. Pearson's coefficients of correlation, coefficients of determination and significance level were calculated for couples of measured soil properties using software Statistica ver. 7.0. Since several authors Bayer and Schaumann 2007) reported SOC content, soil textural composition and soil reaction as properties taking part in soil wettability, the linear regression analysis was performed using these particular variables as possible predictors of water repellency. Determined values of SOC content, soil reaction and content of individual textural fractions were used in simple linear regression analysis as independent variables (X) in order to explain WDPT and MED values that were considered as dependent (Y). The least squares method was used for developing estimates of the model parameters.
results
In the studied soils, there were nine showing different degrees of soil water repellency (three slightly, two strongly, three severely, one extremely water-repellent sample). Regarding WDPT, the upper measured time interval was 5346 s (1.5 h). The highest ethanol concentration used was 19%. Descriptive statistics for the whole set of samples are presented in Table 2 . Regarding the SOC content, the measured values ranged from 2.81 to 20.94% SOC contents in wettable soils were the lowest. In accordance with findings of Harper et al. (2000) , the degree of water repellency increased with increasing SOC content in rankers. SOC content of an extremely water-repellent sample was very high (15.03%). Increasing the content of mineral fraction at the expense of organic fraction in soils may result in lower hydrophobicity (Szatyłowicz et al. 2006; Orzechowski et al. 2013) . The calcareous leptosols have generally better physical and chemical properties than non-calcareous ones and are also less diverse. Nonetheless, all tested soils were non-calcium carbonated except for one wettable sample with CaCO 3 content of 0.5%. Since only this sample was taken from arable soil (Table 1) , the presence of CaCO 3 may be attributed to liming and/or fertiliser use when CaCO 3 is added to soil to increase soil pH. In the area, soil amendments are necessary since soil reaction (in H 2 O) is very strongly acid (3.48) to slightly alkaline (7.37) with majority of water-repellent samples with pH values between 3.48 and 4.6. pH/KCl values are lower with a range of 2.99 to 6.62. According to the parent material, these soils can generally be sandy loam to clayey with different gravel content. The concerned area is formed by flysch sediments and the Klippen Belt, rankers occur principally on siliceous sandstones of the flysch area (Dlapa and Ďuriš 2006) . The texture of the fine earth fraction here was classified as sandy loam (6 samples), loam (5) and silt loam (1). The presence of sandstones was evident, the soil samples contained 32.96-74.44% of sand. There were no wettable samples when the sand contribution was higher than 52%. Content of particles <0.002 mm ranged from 8.16 to 23.40%. Soil water repellency is often associated with landuse and vegetation types. In the area of interest, all range of repellency classes (wettable to extremely water-repellent soils) have been found in soils under forests, while no repellency has been observed in soils under grass cover and in cultivated soil.
The strength of the relationship between WDPT/ MED and selected soil properties was low except for the SOC (Figure 2) . The highest Pearson´s coefficient (r) was calculated for SOC; the r value for correlation between SOC and WDPT was 0.6326, and 0.7063 for correlation between SOC and MED. Despite rather weak correlations between WDPT/MED and observed soil properties, the significance of some relationships evaluated by the p-level was relatively high, <0.05 for SOC (WDPT/MED) and silt content (MED). While repellency increased with increasing SOC content, a negative relationship was found between either severity or persistence of water repellency and soil reaction/ silt content. Surprisingly, a negative relationship was found also between persistence of water repellency and sand content, however, calculated r value was very low (r = −0.018). Nonetheless, any conclusion must be ap- proached with caution as statistical analysis was based on 12 soil samples.
dIscussIon
Soil water repellency is being researched in many environments of the world and after decades of intense research, it has become obvious that it can be found at any ecosystem . Soil properties may determine the occurrence and intensity of this property. Organic matter and clay content together with the mineralogy of the clay fraction seem to be responsible for the different soil behaviour (MataixSolera et al. 2013) . Having a large specific surface area and related absorption capacity, soil organic matter can modify surface properties of the mineral solid phase affecting hydrological characteristics through coatings on grains. Even a small increase in organic matter content can change soil hydrological properties from a completely wettable to a partially water-repellent state (Czachor et al. 2013) . The involvement of fungal biomass in water repellency has long been investigated since it is also related to the soil organic matter content. Lozano et al. (2013) who studied a large number of chemical and biological factors under the influence of different plant species discovered that soil water repellency found under Pinus sp., a conifer abundant also in the White Carpathians region, appears to be the most influenced by fungi. Their results suggested lipid fraction as the principal factor. In fact, literature has emphasised the importance of lipid fractions released to soil by plants or microorganisms, such as fungi (Ma'shum et al. 1988; Hudson et al. 1994; Franco et al. 2000a) as well as the behaviour of specific characteristics of the organic matter, in general associated with moisture regimes. The latter mentioned was pointed out also by Šimkovic et al. (2009) who reported on water repellency of dystric Cambisols in mountainous region of the High Tatras. The water-repellent topsoil had properties similar to those of the soils examined in this study (strongly acidic (3.21-4 .08) pH in the majority of samples, sandy loam texture and SOC content between 3 and 13%). It was found that besides organic matter and field water contents, susceptibility of soil to become water repellent is significantly controlled also by soil reaction.
Furthermore, water repellency is most pronounced in coarse sands and sandy soils due to accumulation of hydrophobic compounds on soil particles or to physico-chemical changes in soil organic matter. As soils dry, hydrophobic compounds polymerise and repellency increases (Kostka et al. 2002) . However, our results indicated a negative relationship between water repellency persistence and sand content in ranker soils.
Water repellency has been reported regularly from many soils around the world, including the arable ones (Franco et al. 2000b; Roper 2005; Feeney et al. 2006) . Notwithstanding, there are reports that have shown that cultivation (Harper et al. 2000) and the use of fertilisers may affect soil wettability (Thorsen et al. 2010) . The extended research conducted in White Carpathians. revealed that besides rankers, there were also the other soil types (including rendzinas, cambisols, luvisols) that showed no water repellency when cultivated and treated with fertilisers. The tested ranker soil used for agricultural purposes contained 0.5% CaCO 3 and a substantial portion of humified organic matter, had a neutral soil reaction and its textural composition was classified as loam, according to FAO. It is highly probable that these factors give a predisposition to this soil to show wettable character rather than water repellent. The properties of studied grassland soil were relatively similar to those of arable one; similar SOC content, loam texture, slightly alkaline reaction. We can, therefore, assume that this soil was, in fact, subjected to cultivation in the past.
Water repellency is a property that affects some natural soil functions and processes, such as infiltration, water retention, hydraulic conductivity, thermal conductivity and plant-water relationships. Due to shallow and skeletal soil profile, the filtering function of ranker soils is usually extremely low. Besides slope, water repellency is a factor that may decrease the filtering function of soil and thus, in case of arable soils, increase the possibility of nutrient losses and water pollution. The interaction of slope angle and length with water repellency has also an effect on the magnitude of erosion. Water repellency of the topsoil may further cause non-uniform wetting and fingered preferential flow (Dekker et al. 2001 ) that leads to uneven distribution of water in the crop root zone and accelerates the contaminant transport to ground water (Wang et al. 2000) ; and an increased surface runoff resulting in soil erosion and a nutrient washout (Lennartz et al. 1997 ) mainly during heavy rainstorms after prolonged dry periods.
conclusIon
The persistence of water repellency of A horizons of 12 ranker soils was estimated using WDPT test; 9 were found water repellent with time needed for water to infiltrate up to 5346 s. Except for one sample with very low CaCO 3 content (0.5%), the other soils examined contained no CaCO 3 . While our results confirm generally accepted assumption that water repellency of topsoil material is mostly controlled by organic carbon contents, other quoted soil parameters, including texture and soil reaction showed only weak correlation between repellency and observed parameters. A negative relationship was found between persistence of repellency and pH/sand/silt content and between severity of repellency and pH/silt content of soils.
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